JPRS:  5572 
20  September  196(5 


A  CHANGE  IN  THE  VECTORELECTROCARDIOGRAM  IN 
HYPERTROPHY  OF  THE  LEFT  VENTRICLE 

By  E.  A.  Kyandzhuntseva 

and  „ 

V,  I*  Makolkin  K 


JPRS:  5572 
CSO;  4595-^K 


A  CHANGE 


AUil 


.^li3C4‘itOCAia>IOGlJAH  IS  iri^XTROHiy  OF 


tsie  Liiiira  mvimcu5 


fVolXowiar  i  a  the  translation  of  an  article  by  E .  A  *  ICyan  dzhun~ 
tseva  and  ¥hI«Makolkiu  entitled  ,!In:vieneniye  Vekt©rkardi.o^ran^ 
say  pri  Gipertrofii  Lev© go  Sheludochka11  (tog lieh  version  above) 
in  El  ini  c  heshay a  Meditaina  (Clinical  Medicine)  ,  V“©l#XLIf  No* 

©,  Moscow f  19 ..pages  4p~5£h] 

The  Faculty  therapeutic  Clinic  (director  -  active  member  of 


the  Academy  of  Medical  Sciences  USSH  Prof® 
of  th.o  First  Moscow  Order  of  Lenin  Medical 


V .  X .  V  i  no  g.ra  d  o  va ) 
Institute’  imeni 


I*M,Sochenov 


In  the  present  Report  we  are  presenting  £m  analysis  of  the 
v e ct o r  card  iogr&nis  of  patients  with  typical  -signs  of  left 
.alar  hypertrophy  in  various  stages* 

Altogether  we  analyzed.  140  vectorcardiograms ,  of  srtiich  70 
were  of  patients  with  hypertension  in  stages  I,  II,  and.  Ill,  20 
were  of  patients  with  chronic  nephritis*  40  were  of  patients 
with  aortic  valvular  disease,  and  ten  were  of  patients  with 
mitral  valvular  insufficiency*  The  vectorcardiograms  were  recor¬ 


ded  by  the  system  of  precordial  leads  recommended  by  I *T, Akulin¬ 
ichev  t  and  in  a  number  of  cases,  for  control  and  comparison,  were 
also  recorded  by  the  cube  system  (Grishna&n  and  Scherlis,  1952)*  J 
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For  recording  purposes,  w  need  the  VSCS-Ol .apparatus,  with  » 
sensitivity  of  one  mv  -  two  era. 


n  addition  to 


ectracarc.i ogra ms  us ing 


vectorcardiograms,  in  all  patients  we  Look,  el- 
r-c  standard  and  unipolar  leads  from  tae  extr¬ 


emities  and  the  chest.  In  analysis  of. the  vectorcardio,.r,ms, 

,fe  continually  compared  the  -lata  with  those  of  roentgenologic  and 
clinical  investigations.  Basic  attention  in.  this  was  given  to  the 
changes  in  the  tffft  loop  of  the  vectorcardiogram.  Insofar  as  it 
«as  oossible  with  the  available  degree  of  amplification  oi  tne. 


»ratus,  we  also  analysed  the  end  components  of  toe  vectorcarcio- 


f?ram  _  the  T  loop  and  tne  .S-T  -  junction : 


In  evaluating  the  spatial,  position  of  the  QSS  loop,  it  shoulo 
first  be  noticed  that,  in  left  ventricular  hypertrophy,  there  is 
a  tendency  toward  displacement  around  the  sagittal  axis  in  a  counter¬ 
clockwise  direction,  i.e.  from  left  to  right.  She  most  sensitive; 
in  this  respect  -is  projection  I.  In  the  normal  the  principal  j 

axis  of  tne  loop  in  this  projection  is  found  in  the  sector  from 
+80  to  +55  degrees J  in  left  ventricular  hypertrophy  the  sector  xs 
displaced  to  the  left,  occupying  a  position  from  +50  to  -10  cleg- 
bow  ever ,  in  the  -eary  stages  of  hypertrophy,  this  change  is 


roes 


+m*  *m* 


‘&\g>  i.  placement  of  the  principal  axis  of  the  Q-&-* 
Sf'T  loops  IP  ’oypertropby  of  the  l£t  ventricle  In 
the  system  of  projections  of  I.  1*  Akulinxcu.,  . 


Scheme  of  changes 


In  the  QRS  loop  in  1© 


ventricular  hypertrophy  (in  projection  III,  &©• 
cording  to  the  method  of  X.  X-  Akulinichev). 


commonly  absent 5  in  this  there  xs  not  inf  requently  a  normal  or 
even  vertical  position  of  tae  principal  QiiS  axis.  In  projection 


XI  of  tiie  vectorcardiogram,  the  principal  axis  of  tae  .';HS  loop  is 
ordinarily  situated  in  the  sector  from  +100  to  +4?  degrees,  in 
projection  XII  ffom  +8u.  to  +25  degree's,  in  projection  IV  from  +100 
to  +20  'degrees,  and  in  projection  V  from  +90  to  +20  degrees  (i‘ig.1). 

I'ise  second  typical  change  with  respect  to  the  spatial  situa¬ 
tion  oi  the  tRS  loop  is  tendency  to  a  slight  .shift  .  about  its 
Iona;  axis  in  a  counterclockwise  direction  (when  viewed  from  the 
apex  of  tise  loop).  This  -shift  consists  in  tne  fact  mat ,  ordr 
inarily,  the  diameter  of  the-  QRS  loop  is  greatest  in  projections 
III  and  I  and  least  in  projection  II.  In  this,  the  plane  oi  toe 
QkS  loop  becomes, 'as  it  cere,  parallel  to  the  plane  oi.  lean  J.IX 
of  the  vectorcardiogram  (along  the  >1  axis).  As  a  resuit  ox  this 
-.shift,.  tteereHt®  in  projection  I  the  loop  rotates  count®  r- 
clockwise ;  since' this  .shift  is  slight,  in  no  projection  of  the 
vectorcardiogram  is  t.-.e  direction  of  rotation  of  the  loop  so  great¬ 
ly  altered  as  to  exceed  the  limits  of  normal,  xn  projective,  il, 
just  as  in  the  normal,  the  rotation  of  the  USB  loop  is  counter¬ 
clockwise,  but  is  clockwise  in  projection  III.  Although  this 
1  shift  of  the  1$lB  loop  was  quite:  .  typical  for  lest  ventricu¬ 
lar  hypertrophy,  nonetheless  in  some  cases,  in.  projection  r,  t..e 
loop  of  the  vectorcardiogram  was  long,  narrow,  and  crossed;  this 

indicates  that  its  plane  is  perpendicular  to  the  plane  of  projec- 

> 

t.  tion  1  of  the  vect or cardi o fjram .  In  this,  in  projections  iV  and  J 
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V,  ther :  is  also  crossing.  These  variants  were  commonly  combined  ^ 
Kith  the  most  vertical  position  ol  the  loop  (from  +%>u  to  +70  de¬ 
crees/  in  protection  1  ana,  evident ly»  ere  associated  nt.'  toe 
original  vertical  position,  of  taw  heart . 

.  Another  change  characteristic  of  left  ventricular  hypertrophy 

v,-as  an  increase  in  the  area  of  the  t<Rj5  loop.  .  If  with  the  -  ue- 

which  tve  used 

,„ree  of  amplification  of  toe  apparatus  (mentioned  above)  ,  this 
does  not  exceed  seven  to  extent  sc*.  cm*  *  tne**  in  hyperti Qu-y,f  Oa 
the  left  ventricle  the  area  of -the  fits  loop  is  increased  consii  - 
erably,  reaching,  in  some  instances,  ?0  to  80  sq.  css.  The  increase 
in  the  area  of  the  QRS.  loop  to. such  dimensions  apparently  proceeds 
parallel  to  the . development  of  hypertrophy.  Only  in  early  forms 
of  hypertrophy ,  and  also  with  marked  cardiosclerosis,  is  toe  area 
•.,f  the  QfiS  loop  not  si&nificiantly  different  from  that  of  the 
normal  loop. 

The  most  characteristic  and  constant  change  in  left  ventric¬ 
ular  Hypertrophy,  from  our  point  of  view,  was  the  change  in  the 
forts  'of  the  QRS  loop,  associated  with  a  prec-omihiance  of  forces 

or  of  vectors  directed  posteriorly  and  to  the  left,  in  to  is  it 

to  note  .  r 

is  essential  that  this  predominance  ol  posterior  and  left  xorces 
/ 

may  occur  at  different  times  during-  the  Qhl>  period,  oepenc:..n:j  ap¬ 
parently  on  th«  stage  of  hypertrophy,  and  this  in  turn  determines 
the  nature  of  the  changes  in  tne  form  of  tiie  t -AS  loop. 

i.e  were  successful  in  observing  the  dynamics  of  changes  in 
t.  tne  form  of  toe  QK3  loop  with  progress  of  hypertrophy .  This  is  j 


*> 


shown  in  the  scheme  (Fig. 2),  v:\ich  represents  the  QRS  loop  in 
projection  ill,  where  tnese  changes  are  most  noticeaole. 


4  i  -,v  A  2  -  Sc of  changes  i.n  the  uRS  loop  in  *.eft 
ventricular  nypertropay  (in  projection  III,  aceox 
to  the  method  of  I /IS  Akulinichev) 


Early  changes  in  the  vectorcardiogram  in  left  .ventricular 
kvpar trophy  ordinarily  consisted  lx*  the  appearance  =  of  && 
ditional  pole  at  the  end  of  the  QR3  loop  w.ui on  not  iux request Ay 
predominated  over  the  basic  pole  (Fig*  2,  b  and.  c)  ana  was  directed, 
toward  the  iifin  electrode#  Aa  a  result  of  this,  the  hhS  loop  oe- 
came  rounded  and  widened;  a  considerable  part  ox  it  was  tracer,  in 
the  left  lower .  quadrant  of  projection.  111.  V/ith  nrogreasiou  of 
hypertrophy ,  toe  appearance  of  the '  additional  pole  was  observed 
to  occur  earlier  and  earlier.  Internally  this  was  expressed  in 
a  yraduax  approximation  c  1  the  stubjtxonal  poxe  to  the  oa Sa c  OaxC, 
svh-ch  in  turn  led  to  the  production  of  a  long  and  narrow  loop  in- 
dined,  posteriorly  and  to  the  left,  as  v/eix  as  upi/ai  u, 

as  compared,  with  the  normal  (Pig.2,  d,e,f  anc  g) .  me  rimt  ol 

this  change  wss  the  fotniist  tioti  of  long  ^loops^  forquent-: 

ly  with  crossing;  (in  nearly  all  projections),  wax cn  xs  topical 
of  left  Pun-Ie  hr&ncn.  block  ( Fi &  *  2 ,  h  )  .  I'i-xG  dynamics  ol  tno 
c .ranges  in  the  QRS  loop  is  unconditionally  schematic. 

Ihe  predominance  of  left  and  posterior  forces  was  not  always 
expressed  in  the  formation  of  a  pronounced  additional  pole,  but 


ly  with 

Croesi; 

of  left 

Pun 

v:le 

e.xangfex 

in 

the 
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in  these  cases  the  QRS  loop  was  nearly  round,  raid  most  of  it  was ^ 

r 

located  in  the  3 left  lower  quadrant  of  projection  III*  Parallel 
with  this  change  in  the  form  of  the  QllG  loop,,  there  was  an  inc¬ 
rease  in  its  area#  The  largest  area  of  the  QRS  loop  was  noted  in 
stages  c,d,  and  e  (see  Fig* 2)  *  The  area  of  lone,  narrow  loops 
was  ordinarily  not  so  large,  whereas  the  axis  of  the  loop  surp¬ 
assed  the  normal  by  two  to  two  and  a  half  times#  In  cases  of 
long-standing  change,  there  was  a  reduction  in  the  length  of  the 
loop,  but  the  form  remained  narrow,  slightly  elongated*  and  not 

infrequently  j  crossed 

LS 

The  gradual  approximation  of  the  aecitional  and  the  basic 
poles  of  the  loops  and  the  formation  of  long,  narrow  loops 

(Fig. 2,  and  h)  were,  associated,  as  a  rule,  with  a  constant 

disturbance  of  ;  intraventricular  conduct  ion*; 

Together  with  changes  in  the  QRS  loop  there' ware  changes  in 
the  T  loop  and  the  3~T  junction.  The  T  loop  snowed  a  tendency  to 
changes'  in  orientation  in  a  direction  opposite  to  that  of  the 
QRS  loop ,  and  situated  in  projection  I  in  the  sector  from  +50  to 
-15Q  degrees,  in  projection  II  in  the  sector  from  -+80  to  -100 
degrees,  in  projection  III  in  the  sector  from  +105  to  -90  degrees, 
in  projection  IV  in  the  sector'  from  +85  to  -150  degrees,  and  in 
projection  V  in  the  sector  from  +100  to-120  degrees. 

In  addition  to  the  orientation  of  the  T  loop,  there  were 
changes  in  the  form  of  it:  from  strictly  oval  it  converted  to 
u  round,  with  irregular  orientations,  or  became  elongated.  Common lyj 
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the  T  loop  was  increased,  but  not  infrequently  there  was  a  dim-  ^ 

inution  in  it.  Together  with  changes  in  the  T  loop,  there  was 

more  or  less  failure  of  the  QR3  loop  to  close  prior  to.oop. 
.tracing,  the  T  loop. 

These  changes  in  the  T  loop  were  unquestionably  intensified 
with  progression  of  hypertrophy  and  of  the  changes  in  the  myocard¬ 
ium  associated  with  it,  but  we  could  discern  no  strict  connection 
with  the  above-mentioned  dynamics  of  changes  in  the  QKS  loop. 
Elongation  of  the  QHS  loop,  as  a  rule,  was  accompanied  by  changes 
in  the  S-T  junction  and  the  T  loop,  but  as  to  the  rounded  forms 
of  the  QHS  loops,  in  this  we  observed  either a  completely  unchanged 
I  loop  or'  marked  changes  in  both  the  T  loop  and  the  S-T  junction* 

Such  were  the  general  characteristics  of  changes  which  we 
were  able  to  detect  in  cases  of  left  ventricular  hypertrophy. 

In  analysing  our  findings,  we  conditionally  divided  all  of 
our  patients  into  three  groups, depending  upon  the  degree  of 
progression:  in  them  of  the  condition  of  left  ventricular  hyper¬ 
trophy  . 

The  first  group  contained  patients  with,  early  or  moderate 
development  of  hypertrophy.  This  included  patients  with  hyper- 
tropny  in  stage  I,  chronic  nephritis  (hypertensive  form)  with 
disease  of  less  than  two  years'  duration,  mitral  valvular  dis¬ 
ease  with  predominance  of  insufficiency  but  still  compensated, 
and  the  initial  stages1  of  aortic  valvular  disease. 

As  an  illustration^  let  us  consider  a  case. 

Patient  3. ,  25  years  old,  entered  the  clinic  December  23,  J 
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1957  with  a  diagnosis  of  chronic  nepariiis*  In  194L»  he  had  suf-^ 
f erect  acute  nephritis.  Since  August • 1937 *  he  had  noticed  incre¬ 
ase  in  blood  pressure  to  160/100  v*\x  Ug;  since  December  1957  the 
arterial  pressure  had  increased  to  190/120  Ilg*  The  left  bord¬ 

er  of  the  heart  was  in  the  u£  d- clavicular  line;  the  heaft  tones 
were; clear,  and  A2  was  greater  than  P2*  The  arterial  pressure 
varied  from  1 50/100  to  210/140  aun  13  g.  X-ray  studies  snowed  a 
moderate  increase  in  heart  si.Ee,  predominantly  of  the  left  vent¬ 


ricle* 


ECG  (Fi:>3)  showed  normal  position  of  the  electrical  axis 
of  thdheart,  with  deep. 3  waves  in  the  chest  leads#*  On  tho  vec- 
torcardl' o  grata  th  principal  axis  of'  tiie  QHS  loop  was  displaced  to 
the  left  and  posteriorly,  delation  .of  tne  QHS  loop  in  the  first 
projection  was  count e r c  I  o  c  lav iso#  Tnere  was  an  increase  in  the 
are  of  the  DUS  loop  to  1;>*3  sq.cm*  The  was  clearly  visible  ter¬ 
minal  deviation  of  tne  QUS  loop  in  .projections  I,  III,  and  IT  to 
the  left  and  posteriorly.  The  QkS  loop  changed  in.  type,  as 
shown  iu  r±g.2,tf.  Trie  orientation  of  the  T  loop  changed  very 
little,  butln  projections  I  and  III  the  T  loop  was  slightly  in- 


as  e  d  arid  d c  f  o rm e <3  (see  Fi  y  •  3 )  * 
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In  this  case  the  vectorcardiogram  permitted  positive  diag¬ 
nosis  of  left  ventricular  hypertrophy,  whereas  there  were  no 
changes  on  the  electrocardiogram  * 

The  second  group  comprised  patients  with  advanced  hypertro¬ 
phy,  in  which  ;  '■*  ventricular  dilatation  was  moderate  (hypertens¬ 
ion  stage .II,  chronic  nephritis  with  disease  of  more  than  one  to 
two  years*  duration,  aortic  valvular  (Unease  with  pronounced  clin¬ 
ical  manifestations) * 

Patient  K*,  33  yearsbld,  entered  the  clinic  on  14  October 
I950  with  a  diagnosis  of  aortic  valvular  disease  with  predominance 
of  stenosis  of  the  aortic  valve*  In  1943,  the  heart  lea- 

ion  had  been,  detected  on  routine  examination*  Since  1932  the 
patient  had  suffered  dyspnea  and  pain  in  the  heaft  region  on 
walking* 

The  left  ^border  of  the  heart  was  two  cm  beyond  the  mid-clav- 
icular  line*  There  were  loud  systolic  and  fairr$^astolic  mur¬ 
mur!?  in  the  aortic  region*  The  arterial  pressure  was  95/75  mm 
Ilg*  .X-ray  snowed  enlargement  of  the  heart  to  the  left;  the  ret- 
rocardiai  distance  ih  the  second  oblique  position  was  reduced 
by  the  shadow  of  the  considerably  enlarged  left  ventricle:  the 
aorta  was  widened  and  irregular,  especially  in  the  ascending 
portion  of  the  aortic  arch* 

EC G  (Fig* 4)  showed  deviation  of  the  electrical  axis  of  the 
heart  to  the  left,  inverted  T  waves  in  standard  leads  I  and  II 
u  and  in  the  left  chest  leads  depression  of  the  S-T  segment  in  J 
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leads  It  II,  and  V^.  On  the  vectorcardiogram  theprincipal  axis  -f 
of  the  QRS  loop  was  considerably  displaced  to  the  left  and  post¬ 
eriorly.  There  was  an  increase  in  the  QRS  area  to  16  sq.cm.  The 
form  of  the  QRS  loop  vras  modified  in  accordance  with  the  type 
shown  in  Fig.2,f.  The  QRS  loop  was  not  closed.  The  T  loop  was 
sharply  deviated  to  the  right  and  upward  in  a  direction  opposite 
to  that  of  the  QRS  loop,  which  was  to  the  left  and  backward  as 
recorded  by  the  cube  system.  The  QRS  loop  was  not  closed  and  was 
in  a  direction  opposite  to  that  of  the  T  loop  (see  Fig. 4). 

The  third  group  comprised  patients  in  whom  hypertrophy  of 
the  left  ventricle  was  complicated  by  marked  dilatation  and  by 
conjoint  cardiosclerotic  changes  with  disturbance  of  conduc¬ 
tion  pathways  (aortic  valvular  disease  and  hypertension  stage 
III). 

Patient  L. ,  43  years  old,  entered  the  clinic  on  April  8, 

1959  with  the  diagnosis  of  subacute  bacterial  endocarditis  and  aort¬ 
ic  insufficiency  starting  in  October  of  195&* 

The  left  border  of  the  heart  was  two  cm  beyond  the  mid -clavicular 
line.  ■" 

At  Botkin's  point  and  over  the  aorta,  systolic  and  diastolic  mur¬ 
murs  could  be  heard.  The  blood  pressure  was  130/45  mm  Rg.  X-ray 
of  the  chest  showed  enlargement  of  the  heart  (left  ventricle). 

The  ECG  (Fig. 5)  showed  deviation  of  the  electrical  axis  of 
the  heart  to  the  left;  the  QRS  interval  was  0.13  second;  the  T 
wave  in  standard  lead  I  and  in  the  left  chest  leads  was  inverted. 
t.The  S-T  segment  was  depressed  in  the  same  leads.  Conclusion:  left-* 
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bundle  branch  block.  On  the  vect ox  cardiogram  the  principal 
'  QBS 

axis  of  the  loop  was  sharply  displaced  to  the  left  and  back¬ 
ward*  There  was  an  increase  in  t,*e  CJ IS  area  to  12.. "5  sq^cm.  ihw 
QRS  loop  was  changed  as  snown  in  yxg.2,g,  was  not  exoseo,  ano  was 
directed  opposite  to  the  direction  of  the  T  loop.  The  T  loop  was 
oriented  to  the  right  and  anteriorly*  on  ve  c  t  o  x  care* i o < 5 r a *•• >  ^ *“* 

corded  by  the  cube  system  there  was  deviation  of  the  ^ikS  loop  to 

the  lefty  posteriorly*  ana -upward.  Rotation  of  the  whiS  loop  in 

counter- 

the  horizontal  plane  was/c  lockwise  (xn  left  bundle  bran c a  block 
the  rotation  ox  the  QUS  loop  is  ordinarily  clockwise). 


In  this  case  the  vectorcardiogram*  recorded  by  the  Akulini¬ 
chev  system,  showed  a  transition  from  thepicture  of  left  ventric¬ 
ular  hypertrophy  to  that  of  left  "bundle  branch  block. 

Our  findings  on  the  changes  of  the  vectorcardiogram  in  left 
ventricular  hypertrophy  are  in  fundamental  agreement  wit a  tne 
findings  of  a  number  of  Soviet  and  foreign  authors  \ Z.Z.ilorof ey — 
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eva  and  I.F.Ignat'yeva,  19% \  M.I ,Kechker,195o;  ii.B.Tartakovskiy'l 
and  jiS.A.Solov'yeva,  1958;  Grishasn  and  Scherlis,  1952;  Koran, 
Burch,  and  Abildskov,  1954;  Lamb,  arosgurin,  and  kuchosai,  '195*6; 
Pant ridge  and  associates,  1950;  Wenger,  1956;. 

.  This  study  has  convinced  us  of  tpe  fact  tuat  vectorcardio¬ 
graphy  is  an  excellent  supplement,  to  the  usual  EGG  studies  in  the 
diagnosis  of  left  ventricular  hypertrophy,  and .in  cases  of  the 


y  forms  of  hypertrophy,  nas  a  decided  advantage  over  the-  2CC 


Conclusion's 


(l)  Analysis  was  made,  of  140  vectorcardiograms  of  patients 

with  left  ventricular  hypertrophy. 

(2)  Vectorcardiograms  in  left  ventricular  hypertrophy  show- 

characteristic  changes  expressed  inr the  farm  of  an  increase  in 
&Ju.d 

the  QXiS  area,  changes  in  the  spatial  position  ana  form  of  the 
QI1S  an  a  T  loops. 

(5)  Vect orcardiogra  pay  is  an  excel  lent  supplementary  method 
to  the  usual  SCO  at  aides  fox'  specifying  the  degree  of  hypertrophy 
and,  in  cases  of  the  early  diagnosis  of  left  ventricular  hyper¬ 
trophy,  has  definite  advantages  over  the  BCG. 
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